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© Immobilization of nucleic acids on derivatized nylon supports. 

© Immobilization of nucleic acids, e.g., DNA and RNA, by contact with a solid support comprising nylon having 
am.de groups that have been derivatized to amidine residues. Derivatization of the nylon support can be 
accomplished by treatment with an alkylating agent such as a trialkyloxonium salt under anhydrous conditions 
followed by reaction with an amine. The immobilized nucleic acid is particularly useful as an immobilized probe 
in hybridization assays to detect specific polynucleotide sequences in a test sample. 
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IMMOBILIZATION OF NUCLEIC ACIDS ON DERIVATIZED NYLON SUPPORTS 
BACKGROUND OF THE INVENTION 

polynucleotide sequences by hybridization w«h como e^nt det6rminin 9 the P^ence of papula 
acid hybridization is useful as an ana ^caT ^SStTT? P^^leotides Nuclei 

agriculture, and food science, among others , n ?££Z ll ? human and ^'^y medicine, 

-"E^^ - — - -s preS ent in the test 

formed on the immobi.ized phase between the SobTand °°" *• detection of h V°rid S 

the most commonly used matrix for immobilization o^nu,,! -? 1 ^ Samp ' e ^nucleotides. By far 
- nitroce,lu.ose membranes. More recent.y S ZotT^onl h m " h °* ^ ^ -croporous 
they have better mechanical strength than S^L^ ^ P ° PU,ar because 

-on.c groups such as quaternary ammonium ion intn „ f manufacturers have introduced positive 

AH of the known nitroce.lulose and nyZ ZZ ZZ. ed ^^27 * ^ ^ P ' 0p ^ 

. D ro;; h Nr ynuc,eotides to -* — - s^k^tl^ 

the ^r^^^-J T - '3 conveniently accomp.ished by 
reagent will comprise an antibody or otherbh^^JT?^^ ° the hybrids " Norma,| y s "<* protein 
the probe nuc.eic acid or to r^ u^c^SS^^l V f l, ** bindin9 t0 3 ,iQand ™*V °" 
> detection of probe nucleic acids bearing a S n or a t !l * ' d E * amp,es of the f °™' are the 

antibody. Examples of the latter are the use o f an Lw- ^ 9r ° UP by bindin 9 of avidi " or anti-hapten 
intercajated or otherwise antigenic^ mS^d d 7^™* 0r RNA '™A 
wrth a detectable component, commonly an enzyme '^"lly binding protein reagent is labeled 

order to obtain efficient and stab.e LSSJ^S^TZ^ T ^ Sa,t ° r bakin 9 
use ,n hybridization assays, and particulariy where Tesu Itino hvh h needed particular| V 

reagents. Also, since hybridization W^SSJSS^S?". ^ ^ ' abeled P rotein 

known microporous membranes are not tmeZS^l ^ZL '** mcubai ™ washing steps, the 
to handle. A so.id, more rigid support materia^^^ *« « ^ and difficult 
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Kid and ttte , mMne «« ;s j 4n ™? 'TS ^ " te W * ,,tta ^ "» «l* 

surface. Further, there fe „„ „ eM , 0 ™£* *»>> t» n of nucleic acids ,o the modified nylon 
,0 fine eciid s upc o, A >J** 
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labeled conjugates are to be used in the detection of hybrids formed on the support is that the modified 
nylon surface exhibits a very low nonspecific binding of such reagents, enabling more sensitive detection 
limits to be achieved. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The extent of derealization of amide groups in the nylon support necessary or desired for a particular 
nuclei acid hybridization will normally be determined through routine experimentation. Thus, reaction 
conditions can vary widely depending on the particular needs for the immobilized nucleic acid Using a 
bead form of the nylon support as an example, in the normal case it is anticipated that anywhere between 
100 and 400 nanomoles of the available amide groups exposed on the surface of a 4.8 mm diameter bead 
become derivatized. This gives 140 to 560 nanomoles of amidine groups per square centimeter assuming 
the surface to be smooth. Derealization of between about 200 and 250 nanomoles of exposed amide 
groups on such a 4.8 mm diameter bead has been found to be particularly useful in immobilizing nucleic 
acids. 

The first step in the derivatization process involves activation of the amide group with an appropriate 
alkylating agent under anhydrous conditions. Activating agents will serve to O-alkylate the amide to form an 
im.date salt. Upon subsequent reaction with an amine, amidine residues are formed. Useful alkylating 
agents include dialkyl sulfates, alkyl inflates, alkyldiphenyl sulfonium salts, alkyl perchlorates, and particu- 
larly the tr.alkyloxon.um salts such as the lower alkyl salts, preferably trimethyloxonium and triethyloxonium 
salts. The salt counteranion will generally be selected from hexachloroantimonate. hexafluorophosphate and 
tetrafluoroborate, with the last named counterion being preferred. 

The amine employed can be selected from primary and secondary aliphatic and aromatic amines They 
can have one or multiple primary and/or secondary amine groups. For example, diaminoethane dia- 
rn.nohexane. spermidine, spermine and polyethyleneimine are useful. The amine should have at least one 
primary or secondary amine group to react with the activated amide but. in addition, it can contain cationic 
or potentially cat.on.c groups such as tertiary and quartenary amines and guanido residues. Particularly 
useful am.nes are diamines and polyamines. Good results have been obtained with diamines which result in 
the formation of aminoamidine residues on the nylon support. Such diamines include aikane diamines 
particularly a.^alkane diamines having between 2 and 12 carbon atoms, such as 1,6-hexane diamine' 
ethylened.amme. putresceine. and cadoverine. The resulting amidine residues have the formula- 



C NH Q 

NH® X^ 



wherein Q is the residue from the amine used to react with the alkylated nylon and X is a counter anion 
PhenTlkylene 065 ° ^ " R " NH * " * preferably a,kylene ' Phenylen*. alkyphenylene, or 

A particularly useful general method for derivatizing the nylon "support according to the present 
invention begins with treatment of the support with a solution of trialkyloxonium salt, e.g., trimethyloxonium 
tetrafluoroborate. in a nonaqueous solvent such as methylene chloride, carbon tetrachloride or diethyl ether 
The incubafon will proceed for between about 1 * and about 5 hours, preferably with agitation, with about 3 
hours being optimal. The temperature of the reaction can vary widely and is primarily a matter of choice 
Room temperature treatments are normally used. The activated support is removed from the nonaqueous 
solution, optionally followed by a series of washings with the nonaqueous solvent. The activated nylon is 
then reacted with the selected amine, e.g.. an aikane diamine such as a 1.6-hexane diamine in a 
nonaqueous solvent such as those mentioned above. This reaction is allowed to proceed for about 1 to 
about 5 hours under ambient conditions, with a reaction time of at least about 3 hours being preferred 
fin! \ZZ V ' ? de - r '^ ed su PP° rt wi " then be ***** extensively, first with a nonaqueous solvent and 
buS or y in W dri e ed form " ° Vemi9ht " " ^ ^ P ' 0duCt « be St ° red under water « 
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monomers. The activation procedure ca TL aoTeT^T T d ' amine 3nd dicarbocylic acid 

monomeric units. Aromatic alkyl or SnW Sj? * P°'yamide. regardless of the length of the 
« Simi,ar.y, the backbone and amide gC can bfwid^ 

present, such as carboxyl, hydroxyl phenof an? a mfn« SUbst,t K uted ' however . certain functional groups i"f 
tolerated so long as the ultimately LvaSd nv.on ^ m0dMiad dUn " 9 a, ^ ,ation - This can be 

The conformation and genera, comSo o ZZ^ZT* ^ * adSOrb nude '" C acids " 
n UC le,c ac.d immobilization provided that tSere are Xl^ ^ 35 d3Sired ,0r its ^Plication to 
'0 der.vat.zation and interaction with nucleic acids L ! n ^ 9r ° UP$ exposed at »* surface for 

we,.s test tubes, microporous wSS^^^^**^ « 

advantageous due to their manipulability and hioh ZrZl' a I * b8en found t0 be Particularly 
beads having diameters in the range of 7uM to abou^ i cm !T ^ U " h3S been made ° f "Von 
of nylons can be used, or one can use nylo coat ed * a nnn C ° mpriSed Unif0rm 'y or "onuniformly 

'5 The derivatized nylon suonnrt «f * non-nylon core or base. Y 

9~ cluding D J to ™ ZS^SSS^"* to ™* "udeic acids in ' 
bases. Genom.c and plasmid nucleic acids as weU a V« T COmpr,sm 9 an V desired number of 

» 25" -ppoVby^rs r^r^r^r ? immobi,ized ° n - — 

buffer w „. prefera5(y be of |ow jonjc st ^ th ' n n a or bU J, e ;^ ° r d 'WSion of the nucleic acid. The 
and a pH between about 4 and about 10 w^h about 7 lZL < * Oncentrati0n ° f about 0.5 M or less 
carbonate. Tris. and the like, and will contain nnril l i 9 pfefened - Useful buffers include phosphate 
(EDTA), sodium dodecy teu .fate. o^Tv^l^* "? eth ^«™™ tetraaLc acfd 
and 4 hours to obtain saturation of the ^ZsSs S^tJ 'T**™ Wi " Pr ° Ceed for betwea " about 1 
oness than saturating amounts of the S2* Z^SZIS^ " ^ ^ ^ adSOrption 
preferably between 20 and 60»C. with slightly ete^S^SJ? e temperature of the incubationwil.be 
completion of immobilization, the support 2 then o TIS^ 6 be ' n9 P ' referred " 50 °C Upon 
nucleic acid, saimon sperm DNA being weHnown for h Tn h 3 SOlution of nonspecific 

b.nding sites. 9 We " known f <" th.s purpose, to saturate unoccupied nucleic acid 

f^TSSS^r^ZS! aslhe SEX 1™^^ ^ PUn ' fiCafi ° n methods -"0 
hybndization assays to detect a Particularly^ find particular Ration ,0 

<n general, the present means for immobiSzfn nuc^c adds ^ h H MmPte 8UCh as biological fluid, 
■nvo vmg the use or formation of a so.id-phase XnuSoMe M *" P«*oco. 

**» nucleic acid is in an 

probe will have at least one single stranded base Z^Z k P * ° f determi ning complementarity. The 
interest. The present method for immoSfzattn ^TZlfJT^ COmpleme ntary to the sequence of 
probe to the assay because extended incubatto T mes can 1 T ^ ** Pr ° Wdin9 '"mobilized 
element without increasing the time necessary TlHSJS^L m3nufacturin 9 or P*P-*0 this 

can ^^5^^/*- — of interest in the samp.e. 

probe which is not immobi.ized can be lateL ^ a dl.S. T * *" Samp ' e nucleic acid «* "he 
chemiluminescer. enzyme, or specifica^ bindab.e .foanf Th" ' ^ 35 3 radioiso ^- «-orescer, 
associated with the nylon support is thus direct ^ted t o ih ?1 ° f SUCh ,abe ' that becom es 

hybndization methods are known wherein a firsi ^^porton S ^ridization. Aftematively. dual 

.mmob,.ized first probe and is detected by hylfdizSfon of a ™ 3 t Se ,? U8nCe 0f inter ^ hybridizes with 

™ rt ° f i~ a,a ^ exclusive second portion of the 

bindin 9 pa r:rr;re s a trecrsr b prob r to j — 3 * - a 

chemical modification of the probe E^Z TtTJlT ° f nuC,eotide sequences or by 

the probe comprises a promoter s^ ce 1^ te^mT^ ^ « ^ 

promoter protein (e.g.. bacteriophage promote fs rp - pr0moter > which is bi ndable by a 

(eg., lac operator) which is t^ ^TZ^r^T^a °\ 

^rich 

modification of the probe are particu.arly ~ d ^£7^2$ Z.*%£ 



BNSOOCJO: <EP. 0221308A1_I > 



0 221 308 



10 



15 



20 



25 



30 



35 



40 



binding pair to the probe nucleic acid. Useful binding pairs from which to choose include biotin/avidin 
haptens and antigens/antibodies, carbohydrates/lectins. enzymesrfnhibitors. and the like. Where the bindino 
pair cons,sts of a proteinaceous member and a nonproteinaceous member, it will be preferred to link the 
nonproteinaceous member to the probe since the proteinaceous member may be unstable under the 
denatunng cond.t.ons of hybridization of the probe. Preferable systems involve linking the probe with a 
hgand such as b.otin or hapten and employing labeled avidin or anti-hapten antibody, respectively 

ZTo ZoltTl .TrrTT Pr0b6S iS kn ° Wn ' ,0r eXamPle ' 806 Eur0pean Patent Publi ^on Hoi 
63.879 and 97.373; and PCT Publication No. 83-002,286. 

nf an H i™^ f °7 atS , WhiCh ^ particular, y use,ul witf1 the Present invention are those involving the use 
of an .mmobl.zed polynucleot.de probe and determination of the resulting hybrids by binding of a labeled or 
otherwise detectable hybrid binding reagent, usually a specific binding protein such as an antibody 
strand . ^rid Antibodies which have se.ectivity for particular dup.exes compared to single 
stranded nucle.c acids and duplexes of other types include antibodies to DNA.RNA. and RNA.RNA and to 
a hm.ted extent DNA.DNA. as well as antibodies to intercalated duplexes 

J**! ^ peCifi ^ f0r DNA.RNA hybrids can be stimulated by immunogens comprising homo- 
polymers or heteropolymeric polynucleotide duplexes. Among the possible homopolymer duplexes par- 
ticularly preferred ,s poly(rA). P oly(dT) (Kitagawa and Stellar. Mol Immunol. . 19, 413 [1982]) However in 

IIZI^TV TZ dUPleX ^ Wi " ^ PreferaWy US6d and C3n be prepared ^ a variQ ty of ways including 
. TZ. ° f Q * X174 v,r,on witn RNA polymerase (Nakazato. Biochem. . 19. 2835 [1980]) The 

selected DNA.RNA duplexes are adsorbed to a methylated protein, or oli=s^ linked to a conventional 

17 M 9e rp Camer , ma , teria, • SUCh 35 b ° Vine S6rum a,bumin ' and in ' ected witn a d ^ired host animal [see 
Stollar Meth. Enzymol. . 70:70 (1980)]. 

■ Antibodies to RNA.RNA dup.exes can be raised against double stranded RNAs from viruses such as 
reov.rus or F,j, disease v.rus which infects sugar cane, among others. Also, homopolymer duplexes such as 
poly r.).po.y(rC) or po.y(rA). P oly(rU). among others, can be used for immunization as above 
No. !?S~ 39° nal an,ib0di6S S6,eC,ive f ° r DNA - DNA duplexes are reported in European Patent Publication 

ion ic A ^ b n°l eS K t0 J nterCalated dUpl6XeS raiS6d 39ainSt an immun °9en which norma.ly comprises an 
.on,c complex between a cat.omc protein or protein derivative (e.g.. methylated bovine serum albumin) and 
an anion, intercepted nucleic acid complex. A.ternative.y. the intercalated complex can be cova lenSy 
coupled to a carrier protein. 

. Tf ? e ant i- h V bri d antibodies described above will be normally labeled with a detectable group as 
described above to enable ready determination of hybrids formed on the support of the present invention 

TZteZ fan T rea9en ! ^ ^ d6teC,ed baS6d ° n 3 native pr ° pert V s-h as its'own antigenic^.' 

detectton anMant ' b ° dy reagent) or protein A wi " bind t0 *° P^^y antibody reagent to enab.e its 

exanTpr e s PreSent inV9nti ° n ^ i,luS,rated ' but is not intended to be limited, by the following 

EXAMPLE 1 



adso A rhi n9 nL $t a randed °H A ^° be Wi,h 3 SeqU8nCe com P tem «"tary to E. coli 23s ribosoma. RNA was 
« fho h h h am.noamid.ne der.vat.zed nylon beads. The probe was hybridized with E. coli 23s RNA and 
«s the hybrid was detected with antibody to DNA.RNA hybrids. ' 
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Preparation of aminoamidine nylon beads 



USA? were iff mm ? fr ° m PreCisi ° n P,astic Ba »- Chicago. .L. 

USA were placed .n methylene chloride, approximately 20 ml per 100 beads Trimethyloxon um 
tetraf uoroborate at 0.3 g per 100 beads was added and the solution vigorously stirred for ol ~ 

o 1 and qU L Ck ' y WaSh6d With methy ' ene Chl0ride ' and shake " f - « in a fresh solulon 

of 1.6-hexaned.am.ne ,n methylene chloride at 18 mg/ml. 20 ml per 100 beads. The beads were washed 

vtuoTio 50-C th6n 9ener ° US am ° UntS ° f dei ° ni2ed W3ter -might. C Zl d^d in 
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*r^7zzs?£ ^smss rr °» baad *- — « - 

sulfonate (TNBS) which reacts with amines on the frftpfnH f 9 3 K Containin 9 1-17 mM trinitrobenzene 
of 30 mM glycjne was added to reacT with exces Tml Tr "? V**^"^ Then 150 uL 

m.xture was diluted into 0.96 mL of 0 1 M Sta, TSfJS k A 40 UL a "' quot of the ™»cflon 

sulfite and the absorbance at 414 nm was TcZJ £ P ? , b ? ^ PH ™ COntainin 9 1-5 mM sodium 
determined with a control prepared as deSb^e e^cUT JIT """^ " th6Se - 

A calibration curve is prepared bv rPa rZ , P ad Was not inc '^ed. 

TNBS in the Na,B.O, l^^ZS^^^ ST ^ ° * ^ mM) W " h " ™ 
0.96 ml of the phosphate/su.fite solution and Te^bsorbt^ * r6aCti0n miXtures are diluted into 

total TNBS measured without a bead and h a^untTeTcis TNB?^ ^ the 
molar quantity of amine groups on the bead. Usualy eaS 2 J JnJn h If 3 *' 0 " With 3 bead 9 ives the 
amine groups. U5>ua,iy eaCn ^ad contained between 200 and 250 nmoles 
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ethje^ P H 7.4, containing 1 m M 

hours and 0.22 ml of alkali treated salmon ilm^ST^xT T % ^ * 5 °° C for 8 " 5 
continued for 4 hours. The beads were transferred to* In TK ? WaS add6d and ,he shakin 9 was 
shaken at 55'C for ,, hours. The beads ZTriZt Z^ o > h J>**»*>n solution and they were 
used for hybridization (i X SSPE is 10 mM^^^^ to J 7 "L L * 1 X SSPE - 0-1% SDS and 

Control beads were prepared as follows fIT^ buffer> pH 71 ' °- 18 M Na C 1 mM EDTA) 
sodium phosphate buffer' pH 7.J. «9 oTTo^T^ *** ™ **» to 60 «' - 
mixture was shaken at 50°C for 17 hours and thJ . hJL Sa ' m ° n Sperm DNA < 5 - 2 mg/mL). The 

an. ehaKen « 55 . 0 tor , „ our , They were rinsed Whce with T XSSRE^hl % 'sos. °' ^ 

Preparation of Monoclonal Antibody to DNA.RNA 

Preparation of DNA* RNA hv/hrin u ^ 

DNA dependent RNA potymeie 7ft^E ^^X^cT^ by ; ranscripti °" 0f * X174 viri °n ™A with 
IS. :2835. ° m £ C0/ '" The P^cedure was described by Nakazato (1 980) Biochem 

■^ p °^ c — co .. s , M0 

mixture was al.owed to react for 5 d"ys on a rotarv ** ^ " " ™ HC ' h methano '- T"* 

co.lected by centrifugation and washed twice with ZeZ^LV^ .T^^ Th * precipitate wa * 
vacuum overnight. methanol and twice with ethanol. Then it was dried under 

*-SZS^ Of ONA*RNA hybrid in 250 u, of 20 mM Tris- 

water. A precipitate formed and 2^ ^Ifth "* h^JT' m6thy ' ated ^'obuBn in 250 ™ 

an equal volume of Freunds adjuvam t^Z^ZTe^ * ^ ^ e ™ lsified ^ 

Booster immunizations were given 3 weeks LT anH , ,mmun ««* with 0.5 ml of the suspension 

^IntSJdT^^if" 9 6 W66k tnl^st Lit 0 " interV3 ' S thereaf,6r - B ' 0Od W3S ' ak - S 
lmmuron°i( y D y ' n a;Lk n ^L S ^ ,abeled immunosorbent assay method. 

« 5 ug/ml solution in each we,. The DNA»RNA was 7n 0 oTsm^ W ' th ° NA ' RNA by P ' aCin 9 50 ° f 
0.15 M NaCI. When the solutions had stood ^at room tin* ♦ C ' trate buf,er ' pH 6 ' 8 - contai "i"9 

0.02 M sodium phosphate buffer. pH 7 4 contliTno f Z h ^ 2 h ° UrS - the We " S Were wasn <* with 
detergent (v/v). Appropriate dilutions of' SEZ wTra b °;^ S f rum a,bum ^mL and 0.5% Tween 20 
antibodies to the immobilized ON A* RNA Thin thT L w ^ t0 thS We " S to a,low bindi "9 of the 
anti-mouse ,g G by well-known J^X^ZToet ^^ T ^ ^ e -^ a ' ab e'ed 

ce„ ,ine deposited ^^^c^cE^^ SS&£2^ L 
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Cloned hybridomas are grown intraperitoneal^ in mice to produce adequate quantities of antibody for 
further work. Antibody was isolated from the ascites fluid by anion-exchange high pressure liquid 
chromatography. " H 



Hybridization Assay for 23s RNA 

Each bead was placed in 150 uL of hybridization solution containing the indicated amount of 23s RNA 
They were incubated at 55 °C for 30 minutes in 0.5 ml of this solution and finally rinsed once more 

RNA.DNA hybrids formed on the beads were measured by immunoassay. Each bead was shaken at 
room temperture for 30 minutes in 50 uL of 0.02 M sodium phosphate, pH 7.4, 0.15 M NaCI 0 5% (w/v) 
bovine serum albumin, 0.5% (v/v) Tween 20. I.mlvi EDTA (PBS/BSA/Tween/EDTA) and then 100 uL of this 
solut«on containing 0.1 ug antibody to RNA.DNA was added. The shaking was continued for 30 minutes 
and the beads were rinsed twice (0.5 ml each) with 50 mM sodium phosphate buffer. pH 7 4 0 5% (v/v) 
Tween 0.5% (w/v) BSA, 1.0 mM MgCI, (phosphate/BSA/Tween/MgCI,). One hundred-fifty microliters ' of 
phosphate/BSA/Tween/MgCl, containing 0-galactosidase antimouse IgG (diluted 500-fold. Amersham Chi- 
cago, IL, USA)- was added to each bead and shaken for 1 hour. The beads were rinsed with 0 5 mL of the 
phosphate/BSATTween/MgCl, and washed twice for 5 minutes each with shaking and then rinsed once 
more. 

The amount of 0-galactosidase label bound to each bead was measured by adding 0.45 mL of 50 mM 
sodium phosphate buffer. pH 7.4 containing 5 mM MgCI, and 0.8 mM 7- / S-galactosyl-3-f3-dimeth V l- 
^^T r °^' Carb0Xamidel Coumarin < Worah et al t198l] Cjja CherrL. 27:673) and incubating the mixture at 
25 C for 30 m.nutes. Then 1.5 ml of the 50 mM sodium phosphate buffer, pH 7.4. 1 mM MgCI, was added 
and the fluorescence was recorded. 
25 A substrate control containing only the substrate and buffer was run to correct the results for 
background fluorescence. Also, the activity of 20 uL of the /J-galactosidase conjugate diluted 20 000-fold 
was measured for calculation of nonspecific binding to the control beads. 
The results were as follows: 



DNA on Bead 23s RNA added to Net 

hybridization Fluorescence 
(pg/assay) 

35 Probe DNA 0 1220 

16.5 1395 

50 1452 

40 " 165 1750 

495 2560 

Salmon sperm (control) 0 16 

4s 20 uL of 6-galactosidase antimouse IgG 

(1:20,000) "~ 76 



H^rT of RNA»DNA hybrid detected increased in proportion to the amount of 23s RNA added to 
50 the hybridization mixture. 

The nonspecific binding of 0-galactosidase antimouse IgG to the control bead was 0.035% of the total 
enzyme conjugate exposed to the bead. 
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EXAMPLE 2 

withDNA^ made ° f n ° nSPeCi,iC bindi " 9 °' ^actosidase-streptavidin to aminoamidine beads coated 



Preparation of £-Galactosidase-Streptavidin Conjugate 

OSES S^gT^ ^ ^ *"~ ^.actosidase - 

sulfonate buffer (HEPES), P H 7 0 0 09 M NaCI wJ™ 2 °J ^ ^-^^^'-PiPerazine-N'^-ethane 
stand at room temperature for 4 houfs The SXST 3 5 Um °' ° f dithiotnreitol and allowed to 

column of Sepharose C.-6B (Pha^^^^ chromato 9^phy on a 2.5 x 80 cm 

above. Fractions containing fS^^ ^SS^l' TTT"' ^ USA) the buffer descri ° ad 
per mole of enzyme ™sured b^h" 

Succinim dyl-4-(N-maleimidomPthvf\ ~ 1M .i„h cm,,an uaoyj Arch. Biochem, Biophvs. . 82:70. 

ford, IL, USA), 5.3 o^ ^t^' ^ ^mtaTco, Rock- 

was combined with 3mL of O.^M HEPES b^er * ^« ^r^" 0 "^ "* 3 40 uL a, ^ ot 
solution was added to 825 uL of HEPES/NaQ buffer L i nn 7 ^J'" A 25 UL aliqU0t of this 
this reaction mixture had stood «T^TiSSiS2 « °* ? mM 0 lute,h, ~ (reduced form). When 
determined by Ellman's method. The ? ♦""S" 1 ^ UnreaCted 9 lut ^ione was 

Streptavidin (obtained fro* rII 2 f 10 Ca ' CU ' ate the SMCC concentration, 
into 0, M HEP££££ 7. ^^l^J^^T^ y"^^ M °' USA) ^ 
Laboratories, Richmond, CA, USA) Follln ^iTTT ^f^ 3 ^ in Bioge. P-6DG (Bio-Rad 
with 17.6 uL of 61 mM SMCC and aZed to reSt f *° 3,7 m9 ' mL stre P <avidi " was combined 

chromatographed on a i x 25 cmSu^B^r^.n^pS^ ^ 7?" ™ 
-rSr^ « nm were P^n^s^ 

posS^rsTr^ was In.ated as soon as 

galactosidase to give a reaction vo.ume of 9 3 mf A^r 4 ho!rs af^C th 8 ' *, ^ ^ " » 
adding 800 uL of 1 mM glutathione and incubated In JJl , L 8 reaC,,0n Was 9 uer >ched by 

mixture was chromatographed W , x » , ?T 3 ° minUt6S ^ 25 ° C - Then the reac «°" 

developed with 0.1 m" HEPES buffe pH 70 0 15 M NaC Zl* " <Bo * d and 

a ^ a -sat280nmwe^^ — ^ d - 

Measurements of nonspecific binding 

shekel 30 ^1^1^ tT^tTS *S ^ ^ h ^ xam P' e 1 above were 
Tween 20 and 1 mM Mgctthen 25 uL of toe^lTT PH 8 ° ""^^ °- 5% ^SA, M 

5000-fold was added to appropriat bets and s^en J T di ' Uted 10 °- 500 " 
washed twice by shaking for 5 minuted 5 ml of SL * r °°™ tem P* ratl "e 1 hour. The beads were 

Enzyme adsorbed nonspeSfv to th t^L Tns-buffer solution containing 0.5 M NaCI. 
Examp,e 1. Also, the enz m^ of £ ^Tl^T V f ' U ° reSCent ^ dascribed * 
and the nonspecifica.ly bound enzyme was ca.cuSJd £? t ? S, ? ase - stre P tavidi " conjugate was measured 
results were as follows calculated relat,ve to the total enzyme exposed to the bead. The 
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w 



15 



Dilution of Nonspecific 
B-galactosidase-streptavidin Binding (%) 

1:100 0.0049 
1*500 0.0039 
1:5000 0.0062 

beads° nSPedfiC bindin9 ^ VirtUa " V Pr ° p0rti0na ' t0 ,he level of ^-ga'actosidase-streptavidin exposed to the 
EXAMPLE 3 

!Q For comparative purposes, a study was made of nonspecific binding of fl-galactosidase conjugates to 
prior art microporous nylon membranes. 

Processing of the membranes 

Pall Biodyne A (available from Pall Corporation, Glen Cove, NY, USA) is a nylon membrane with 1 2 am 
pores and appended positive and negative ionic groups. A 15 cm' piece of the membrane was exposed for 
1 hour at room temperature to 2 mL of 14 X SSPE containing 50 ug/ml of alkali treated salmon sperm DNA 

1 s2.p S ™^ ran& W3 o dr j ed and b3ked 31 8 °° C in vacuo ,or 5 hours - The membrane was incubated 
ao C '°' ^1*° WS ,n 3 mL of hybridization solution. Then it was incubated for 30 minutes in 5 mL of 1 X 

Nytran (manufactured by Schleicher and Schuell. Keene. NH. USA) is a modified nylon-66 membrane 
used as a transfer medium for both DNA and protein. It has appended cationic groups. A sample was 
prepared for a mock hybridization by wetting in distilled water and then soaking in 6 X SSPE for 30 

35 S-Cto !? e ho n urs mbrane ^ b3ked ^ 65 ° C ^ VaCU ° 2 h ° UrS and incubated in hybridization solution at 

Measurements of nonspecific binding of enzyme conjugates to Biodyne A and Nytran membranes 

m ? C ™T ra HV Were CUt im ° 0 5 Cm Squares and each square was snaken * f °°™ temperature for 60 
onosoLeSA^ U L 2 P ,f /BSA ^ Tween/EDTA - T hen 'he membranes were rinsed twice with 
phosphate/BSA/Tween/MgCI, (0.5 mL each). They were shaken for 1 hour with 150 uL of 
phosphate/BSA/Tween/MgCI, containing the indicated dilutions of /8-galactosidase-antimouse IgG or 6- 
« K S ' t ^of^ PtaVidin conju 9 ates " The membranes were rinsed once with 0.5 ml of 

2g /M9C '' containing 0.5 M NaCI and then washed twice for 5 minutes each with 

™ ir/^w 6 bOU 'I? t0 u he membranes was assa V*i by incubating them at 25 »C for 30 minutes in 250 uL of 
50 mM sodium phosphate buffer. P H 7.4. containing 1 mM MgCI, and 0.8 mM 7-^galactosyl-3-[3-dimethy|. 

d^ed a nlV m 9 • W3S addSd and the ,luorescence ™ corded. The enzyme activities of the 
* cTuL J SE C ° n,U9a,eS were a,so measured and nonspecific binding to the membranes was 

calculated relat.ve to the amount of enzyme exposed to the membrane. The results were as follows: 

55 
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For 



75 



20 



binding of e-galactosidase-antimouse Ig G : 

Membrane S-Gaiactosidase Nonspecific 

-_ conjuai^^ 

1:2000 n 9 

IT J. . Z 

1:5000 1%1 

1:500 0.88 

1:2000 0.61 
1:5000 1#Q 

For binding of 6-galactosidase-streptavidin: 
Membrane 



w IT 

Nytran 



B-Galactosidase Nonspecific 
conjugate dilution Binding (% ) 



25 



Biodyne A USQQ 



30 



Nytran 



off scale 
1:2000 lm2 
1:5000 1b " 6 _ 
1:500 0>29 
1:2000 0>69 
1:5000 0>76 
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2. The method of Claim , „ hefein fc ny ? on hi b '.„ ? r tl?, ae " vall2ed » amkHne residue 
nam iwlth an TOlne „ ^ >'°>«*> '» «**. me amida groups ,h erei „ an(J 

anhvoJa™. 0 ' ^ 2 - — ™«ion ..epa „ pa rfomM 

b- -'SSS S2 " C ' almS 2 aM 3 ~- - — * * «amiha wh.,. by „ am,*a raaioaaa 

ca,^ T aLr h ° d ". CB ' m 4 — ' - * - hav,o 9 6sh ,aa„ , a„d „ 

«* a wMfc nuc , elc abid l0 s s 3iS^c a LT! Tk" i upport sucB *W»< ls «™acw 

7. Ah immobilized huolaio acid oomonsino Z ^i J. 6l "*" 9 stes on suc * support. 
hav„ 9 amide oroope «ch have l«r^"SSSi£? * ' "* "V.on 
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8. The immobilized nucleic acid of Claim 7 wherein a plurality of the amide .groups in the nylon have 
been derivatized to aminoamidine residues of the formula: 



I 

C— NH — R — NH_ 

NH® X® 2 
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wherein R is alkyiene. phenylene. alkyphenylene, or phenalkylehe, and X is a counteranion. 

9. The immobilized nucleic acid of Claim 8 wherein R is linear alkylene having between 2 and 12 
75 carbon atoms. 

10. A method for determining a particular polynucleotide sequence in a test sample, comprising the 
steps of (a) contacting the test sample with an immobilized polynucleotide probe having at least one single 
stranded base sequence that is substantially complementary to the sequence to be determined and (b) 
determining the resulting hybrids by contact with a labeled binding reagent that binds to the hybrids 

20 characterized in that the immobilized probe is bound to a solid support comprising nylon having amide 
groups which have been derivatized to amidine residues. * 
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